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"The test which presents the problem but which 
requires the student to give evidence of his ability 
to formulate a proper course of action is the more 
valid one." 
w. w. Wantland 
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CHAPrER I 
INTRODUCTION 
Purpose of ~ study. It is the purpose of this 
study to construct biological science objective-test 
items in the areas of reproduction, heredity and genetics. 
These will be based on "Principles of Biological Science 
Of Importanc,e For General Education". Y The study will 
further determine their discrimination and difficulty in-
dices by statistical techniques. 
Statement ££_ the problem. The first probl~m of this 
study was the actual construction of the test items, using 
as a basis biological sciences principles which were 
designated as important to general education, by 
w. E. Martin. 
The next problem was to construct a paragraph 
relative to the principle selected for the item's correct 
answer. After the construction of the test items, the 
Boston University College of General Education was used 
for their validation and for the determining of their 
reliability. 
1. Martin, w. E., "A Determination of the Principles of 
the Biological Sciences of Importance for General Education" 
Science Education, vol. 29, pp. 158-162, April-May, 1945. 
---==-~-=~~11===================================================~~-~=-====~F=====~ 
Justification of the problem. A general education 
program in the biological sciences should attempt to 
teach not mere facts but to make it possible for the 
student to be successful. An attempt will be made here 
to determine how many of these biological science 
principles dealing with reproduction, heredity and 
genetics can be identified by practical use of them in 
preceding paragraphs. It is not important to memorize 
important principles but to see how these principles can 
I 
be applied to the solution of problems. E. J. McGrath 1/ 
says:. 
Much experiment~tion, systematic appraisal of the 
results and readjustment in the light of tested 
experience must occur before · the purpose of general 
education can be achieved in American democracy. 
Scope and Method. This study consists of sixteen 
items based upon seventeen principles in reproduction, 
genetics, and heredity taken from Martin's list of one-
hundred major principles important for general education. 
The criteria used in selecting the reproduction, genetics 
and heredity principles was a circular prepared by W. E. 
Martin, who is the Assistant Specialist for Biological 
Sciences for the Secondary Education Division of the 
Federal Security Agency (Office of Education). 2/ 
1. McGrath, E. J., "Toward General Education", 
MacMillan Co., New York, 1948. 
2. Martin, W. E., "The Major Principles of the Biological 
Sciences of Importance for General Education", Office of 
Education, Circular No.308, Washington, D. c., May, 1948. 
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The circular contains all of Martin's three-hundred 
principles listed under their proper topical headings 
with the notation that the problems to be dealt with in 
a particular course or unit should furnish a guide for 
the selection and organization of the principles. 
The students tested were second-semester freshmen 
of the Boston University College of General Education 
who, in the previous semester, covered the areas of 
reproduction, heredity and genetics. Two laboratory 
sections were used in a preliminary test and two other 
laboratory sections were used for the final test. 
The method used for e~a~uating the reliability and 
validity of the test items was based on an item analysis 
char.t by Frederick B. Davis, l/ which yields both a 
difficulty index and a discrimination index. 
1. Davis, F. B., "Item-Analysis Data---Their Computation, 
Interpretation, and Use in Test Construction", Harvard 
Education Papers, No. 2, Cambridge, Mass., 1946. 
CHAPTER II 
REVIEW OF RESEARCH 
The published material concerning this problem is 
rather limited. Nowhere in the research of literature 
made was there any mention of a deliberate attempt to 
construct a biological sciences test based on science 
principles important for general education or to measure 
the reliability and validity of such a test. Therefore, 
the following material reviewed in the field of Science 
in General Education was used as a background and 
preparation for the construction of such a test. 
1/ M. G. McFadden's- article in Science Education out-
lined the work of w. E. Martin and mentioned the one-
hundred major principles found to rank highest from an 
original list of some three-hundred selected newspaper 
sources and evaluated through the Pearson product-
moment coefficient-of-correlation formula. Frequencies 
of use ~n popular magazines and newspapers were cor-
related with frequency of appearance in textbooks and 
research journals and evaluated by scientific personnel. 
McFadden then pointed out that the final list should: 
1. Provide an outstanding source of objectives of 
instruction in science in a program of general 
education. 
2. Provide material upon which a final test of 
achievement could be organized. 
1. McFadden, M. G., "Recent Trends in the Teaching of 
Biology and Some Recommendations Related to the 
Development of a Course of Study", Science Education, 
Page 49, February, 1950. 
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McFadden concluded with the observation that it is 
generally conceded that achievement testing in biology 
has been too much a matter of memory testing for 
unrelated facts and vocabulary. 
Another mention of the importance of application 
of principles was made by Eugene K. Smith and 
Ralph W. Tyler 1< They believed teachers of science 
should learn to apply knowledge obtained in the science 
classroom and laboratory to the solution of problems as 
they arise in daily living. A study of the prevailing 
curriculum materials for science instructions confirmed 
the importance of this objective and therefore a com-
mittee was formed for the purpose of classifying it and 
of aiding in the development of evaluation instruments 
for appraising growth in the ability to apply science 
information. Smith and Tyler go on to say: 
The analysis of the behaviors involved in appli-
cation separated the process of applying principles 
into two steps: 
1. The student studies a situation 
and makes a decision about the 
probable explanation or : predic-
tion which is applicable to the 
situation. 
2. He justifies through the use of 
science principles and sound 
reasoning the explanation or 
prediction that he made in the 
first step. 
1. Smith, E. K., R. W. Tyler, "Appraising and Recording 
Student Progress", Harper & Bros., New York, 1942. 
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In summary, it might be said that a student, in the 
first step, acts in the role of an authority who is 
presented with a problem and asked for a solution. In the 
second step, he is asked to explain or justify that pro-
posed solution by means of his previous knowledge of. what 
has occurred in similar situations. 
The importance of science in our daily lives was 
further stressed by E. J. McGrath l/ when he stated that 
an understanding of science is necessary if the comforts 
and conveniences of life are to be increased by its 
utilization. A person is influenced in many ways in his 
daily life by the products of science around him and to 
derive maximum benefit from them he must understand the 
basic science principles. E. J. McGrath said Emerson 
believed that the motive of science should be "an 
extension of man on all sides, into nature till his hands 
should touch the stars, his eyes see through the earth, 
his ears understand the language of beast and bird and 
the sense of the wind; and, through his sympathy, heaven 
and earth should talk to him". 2/ This probably cannot 
be accomplished by s~perficially exposing the student to 
a multitude of scientific facts. A knowledge of the 
,. 
elementary fundamental principles and facts of living 
cells, metabolism, and other physiological processes; the 
relationship of bacteria to epidemic disease, cannot 
1. lc.Grath, E. J., ..Q.£• cit., page 92. 
======11=·==2===. ~Me Grath, E . ~L£l2. CIT. -·-------
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automatically transform every individual into a perfect 
physical specimen. It can, however, serve to convince 
a person that there are better cures for physical and 
mental ills than the highly publicized nostrums of the 
quack. 
These authors, therefore, believe that science if 
presented correctly, can improve a person's capacity for 
problem solving and critical thinking. The contribution 
of this study to this school of thought is the construe-
tion of this objective test which requires the techniques 
of' critical thinking and problem solving to arrive at the 
correct biological science principles. 
w. w. Wantland l/ lists some of the fundamental 
questions which need to be considered in the building 
and measurement of courses of study within the school. 
They are: 
1. Vfuat do we want the individual to be able to 
do following his subjection to any period of 
conditioning? 
2. What changes do we wish to bring about? 
3. Ar e our ideals always consistent with the 
basis upon which they have been built? 4. Do they check with the finding as evidenced 
by evaluation measures of what the individual 
has accomplished during his period of study? 
1. Wan tland, W. W., "The Role of Science In General 
Education and Some Suggestive Methods of Evaluation", 
Association of American Colleges Bulletin, Lancaster, 
Pa., May, 193'0 • 
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A definition of General Education and its Importance 
in the curriculum of our schools and every day life is 
ably stated by Wantland as: 
General Education is the opposite of Special 
Education and consists of the functional training 
or conditioning of the individual toward the end 
that he may be more efficient and useful in the 
kind of society of which he is a part. 
More specifically, the training of a general student 
in such a way that he will attain more knowledge 
and abilities with which he can accurately and 
adequately recognize and me e t the problems involved 
in his daily activities. 
There has been much criticism directed at the ed-
ucational system of this country for not providing the 
general student (or non-professional student) with the 
necessary tools and methods needed in life to satisfy 
the above definition. Too long have the objectives of 
schools been the knowledge of subject matter alone. 
Graduates of colleges, even trained specialists, emerge 
armed to the teeth with so-called facts which have no 
value standing alone. The result has been that they 
have had little ability to recognize problems, and their 
resulting ineptness in deciding upon a wise and proper 
course of action in meeting these problems is apparent. 
The accumulation of facts in science is not enough. In 
order for the facts to be used, they must be interpreted and 
applied accurately and strategically to specific situations. 
Science, perhaps because of the very nature of its 
development - its search for truth through investigation 
and experimentation - has established fact-finding 
8 
within its structure more firmly than some other fields 
of learning. Yet much time is spent in the physical 
sciences learning how to write complex formulae and to 
solve what are, for the general student, uninteresting 
and impractical problems. Probably only the specialist 
needs to understand the chemical formulae of tryptophane, 
urea, or phenylamine. Again, what does a detailed treat-
ment of amperage, ergs, or dysnes, mean to many students? 
Granted that such types of treatment have a place in the 
training of the specialists, where do they fit into the 
"conditioning" of the average person? The two types of 
education, special as well as general, should contribute 
to our culture. 
Science hopes to achieve, in collaboration with other 
parts of the curriculum, the following objectives. l/ 
1. The development of a scientific attitude in 
the student toward the end that he: 
a. will show a desire to search for scientific 
explanations (interpretations of and assump-
tions from facts) without prejudice. 
b. will show a willingness to change his opin-
ion on the basis of new evidence. 
c. will have the ability to distinguish between 
fact and theory. 
d. will have a concept of functional relation-
ships. 
2. Increased ability to recognize and analyze 
problems ( ~.argely of social policy but to 
some extent technical) with which he is 
faced daily. 
3. Recognition of value of experiment over 
argument. 
1. Wantland, W. W., Q£• cit. 
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4. Increased ability to clarify and justify 
answers to questions; to get down below 
superficial carefree answers; to think 
things through more carefully and thor-
oughly. 
5. Ability to recall some facts to aid in 
making trustworthy true statements. 
6. Following a logical analysis of problems 
(an ability to formulate generalizations) 
apply them and recognize their limita-
tions in that they may not answer the 
problem completely. 
7. Ability to indicate additional inrormation 
needed. 
8. Ability to find additional information 
needed. 
9. A greater appreciation of nature; a 
fuller understanding of the inter-
relationships among living things in the 
community or society one lives; a greater 
understanding of other people; reactions 
and tendency to get along better with 
others. 
R. A. Bullingtion l/ offers more objectives for 
General Education in Science which are closely cor-
related toW. W. Wantland's objectives. However, one 
statement of Bullington summed up his whole outlook 
on the situation: 
There is no ideal content for a general education 
course. The principle criterion is that the con-
tent shall be suitable for the achievement of the 
objectives of the course. 
1. Bullington, R. A., 11 Summary of a Study of College 
Science Courses Designed for General Education", 
American Association of Colleges Bulletin, May, 1950. 
10 
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CHAPTER III 
PROCEDURE 
Formation of a list of principles: The reader must 
bear in mind that the instrument composed of the test 
items used in this thesis was, by no means, an achieve-
ment or aptitude test and that the topics of reproduction, 
heredity and genetics were not fully covered. 
The seventeen principles used in the construction 
of the test items were on reproduction, heredity, and 
genetics and were selected from a list of one-hundred 
principles found to rank highest from an original three-
hundre d principle list. l/ The principles were selected 
from the topic headings of Martin' s Circular No. 308 of 
the Office of Education. 2/ 
Background of Martin's Principles: Martin believes 
that eventually our science courses on the elementary, 
secondary and junior-college levels of the public schools 
will be, for the most part, general courses. This belief 
is based upon the results of surveys and research studies, 
which he considered to be valid indices. 
These general courses will be an integral part of 
the total curriculum designed to furnish general edu-
cation rather than preparatory education. This raises 
the problem, for teachers of science in planning for 
general education, of determining wha~ are the important 
1. w. E . Martin, op. cit., pp. 100-105. 
2. W. E. Martin, TOc.<rrt. 
\ 
principles of science, the understanding of which is 
necessary for problem-solving situations occurring in 
every-day life. 
Any permanent and desirable modification in the 
behavior of those who study any course in science should 
develop from the learning experiences of the course and 
the basic understandings of courses in science in terms 
of which this behavior can be modified are to be found in 
the important generalization and principles of science. 
Definitions: Three definitions of terms used in the 
background of this work are: 
1. General Education: That education which purposes 
to meet the needs of individuals in the basic 
aspectx of living, in such ways as to promote 
the fullest possible realization of personal 
potentialities and the most effective partici-
pation in a democratic society. 
It designates those educational activities which 
are planned to meet the needs of all pupils 
enrolled in elementary and secondary schools, 
(grades 1-14 inclusive) without regard to their 
probable furyre vocational or professional 
interests. Y 
2. Biological Sciences: Those sciences which are 
directly concerned with living organisms and 
with the life processes and relationships of 
these organisms with the organic and inorganic 
elements of their environment. These sciences 
are limited to the five sciences, morphology, 
physiology, taxonomy, evolution and genetics, 
which are 2the main fundamental divisions of pure biology. _/ 
~. ~regressive Education Association, Commission on · 
Se-condary School Curriculum, 11 Science in General Education", 
New York, D. Appleton- Centnry Co., 1938, page 23, 
2. Shull, Franklin, "Principles of Animal Biology 11 , N. Y. 
McGraw- Hill Book Co. Inc., 1941, page 21. 
12 
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3. Principle: For a s t atement to be a principle: 
It must be a comprehensive generalization 
which resumes the widest possible range of 
facts with which it is directly concerned. 
The facts resumed in the generalization must 
denote 
a. objects and/or events and the 
relations between them and 
b. properties. 
It must be scientifically true. To satisfy 
this criterion it must be: 
a. verifiable, i.e., it must be stated so 
that it suggests either directly or 
indirectly, a definite operation or 
observation or experiment whereby its 
truth value can be tested or verified. 
b. it must be consistent with the body 
of accepted scientific knowledge and 
except for a few limiting or singular 
exceptions, wtth1all the data (facts) relevant to it. / 
Martin's first or inductive phase. This phase 
resulted in the development of a tentative list of important 
biological science principles. This major problem was 
broken down into three sub pr oblems: 
Sub problem I To determi ne the important general-
izations of the biological sciences 
which occur 
1. In textbooks prepared for survey 
courses i n the natural sciences 
at the junior college level of 
the public schools. 
2. In textbook s prepared for use in 
course s i n biology at the secondary 
level. 
3. In a survey series of the 
biological sciences prepared for the 
general reader. 
Tecru1ique: A committee of three all engaged in the 
teaching of science and the training of 
teachers in the School of Education at 
the University of Michigan determined the 
important generalizations using the fol-
lowing criteria: 
1. Martin, W. E., loc. cit. 
13 
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1. In the preface the authors must 
give definite evidence of agreement 
with the objectives of general 
education 
2. In the textual materials there 
must be direct statements of prin-
ciples, or major generalization, 
or of statements which certain 
unmistakable implications of prin-
ciples, which conform to the 
criteria set up in this study for 
the determination of a principle. 
Sub Problem II To determine the generalizations of 
the biological sciences that appear 
in the lists of science principles 
in published and readily available 
unpublished reports of research 
studies. 
Technique: Lists of science principles appearing 
in the reports of five research 
studie:s were used as a source of 
biological generalizations: l/ 
1. N.S.S.E. 31st. Yearbook2yart I 2. Robertson, Martin, L)j-
3. Pruitt, Clarence M.~7 4. Arnold, Herbert S.c 
5. Olds, Raymond C. ~ 
1. A Program For Teaching Science. Thirty-First Yearbook 
of the National Society for the Study of Education, Part I 
Bloomington, Illinois: School Publishing Co., 1932. 
2. Robertson, Martin L. A Basis for the Selection of 
Course Content in Elementary Science, Unpublished Doctor's 
dissertation, University of Michigan, 1934. 
3. Pruitt, Clarence M. An Analysis, Evaluation and 
Synthesis of Sub-matter Concepts and GeneralizatiOns In 
Chemistry, Doctor's dissertation, Teachers College, 
Columbia University 1935. 
4. Arnold, Herbert s. The Selection, Organization and 
Evaluation of Localities Available for Unspecialized 
Field Work in Earth Science in the New York City Region, 
Doctor's dissertation, Teachers College, Columbia. 
University, 1939. 
g. Olds, Raymond E., The Principles of Biology for 
Secondary Science Instruction, Unpublished Masters Thesis, 
Colorado State College of Education, 1936. 
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Sub Problem III To determine what are the important 
major generalizations or principles 
of the biological sciences. 
Technique:. Criteria used were: 
1. Is the statement a generalization 
of the biological sciences? 
2. Is the statement a principle? 
Those statements which qualified 
under both criteria were designa-
ted as being major principles. 
Those statements which qualified 
under criteria 1 but not 2 were 
designated as minor principles. 
Second Phase. The purpose of the second or 
deductive phase of the study was to determine those 
principles from the major list which are of importance 
as objectives of instruction in science in a program of 
general education. 
Martin 1/ determined the relative importance of the 
three hundred major biological principles for general 
education, grades I-XIV inclusive, by the aggregate re-
ceived from the following three separate evaluations: 
1. The total frequency of appearance of each prin-
ciple in textbooks and research studies; 
2. The total frequency of appearance of these 
biological principles in newspapers and 
consecutive issues of two years of Hygeia, Nature 
Magazine, Life, and Readers Digest; 
J. The totals of the value assigned to each major 
principle by two laymen and three science teachers. 
Item analysis procedures: The item-analysis procedure 
used in this study was based on Frederick B. Davis' 11 Item-
Analysis Data11 • 2/ Davis has devised an item-analysis 
1. W. E. Martin,££· cit., pp. 50-158. 
2. F. B. Davis, loc. cit. 
15 
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chart that is designed for maximum convenience in test 
construction. For most test items this chart yields both 
a difficulty index and discrimination index. 
The difficulty index used by Davis, provides a 
nun1erical indication of the difficulty level of each 
individual item relative to other items administered to 
the same sample of testees. 
The discrimination index, provides a numerical 
indication of the discriminating ability of each indivi-
du~l item with respect to a designated criterion, in this 
case being the highest and lowest twenty-seven percent 
(27%) of the sample. 
Difficulty Index: The difficulty of an item is 
defined by Davis, "as the proportion of a certain sample 
oftestees who mark the item correctly", or it may be 
defined as, 11 the proportion of a certain sample of testees 
who actually ,knows the answer to an item". Davis continues 
to say that 1 11 a practical distinction is desirable whenever 
multiple-choice items are employed because a certain pro-
portion of testees may mark the correct answer by chance". Y 
To make allowance for this fact, Davis employs a correction 
for chance by subt:traet:tng:_:from the number of testees who 
mark the item incorrectly divided by one less than the 
number of choices in the item. The numerator of the 
proportion of successes in a sample 
16 
17 
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The numerator of the proportion of successes in a sample 
becomes:. l/ 
R - w 
K-1 
where: R = the number of testees that answer the item 
correctly, 
W : the number of testees that answer the item 
incorrectly 1 
K = the number of choices in the item~ 
The denominator of the proportion should take into account 
the number of testees who have read the item but have 
failed to mark an answer to it. Thus, the denominator 
of the proportion becomes:. N - NR 
where: N = the number of testees in the sample 1 
NR - the number of testees in the sample that do 
-
not reach the item in the time limit. 
Putting the numerator and denominator together, 
Davis defined the proportion (P) of the sample that knows 
the answer to an item as: 21 
R - W 
K-1 
p = 
N - NR 
Davis further stated that, in actual practice a 
difficulty index is not obtained from the item-analysis 
chart "on the basis of the proportion of the entire sample 
that knows the answer to an item". Instead, a diff'iculty 
index obtained is "based on an estimate of the proportion 
1. F. B. Davis, ££• cit., P• 4 
2. F. B. Davis, £2• cit., P• 6. 
========IF==================-===-===-=========-=-==~~-=-=-==================~=-==~==~ 
of the entire sample that knows the answer to an item -
an estimate obtained from data in only .the highest and 
lowest 27% of the sample". l/ The proportions of suc-
cesses in the highest and lowest 27 % of the sample is 
used because these percentages are also employed in ob-
taining a discrimination index. A 11 goodn difficulty index 
is 50, with the range being 40 - 70. 
Discrimination Index: Davis discussed the discrimin-
ating index by stating that, "perhaps the most satisfactory 
measure of relationship for internal - consistency item-
analysis purposes is the biserial correlation coefficient 
between each item and the total score excluding the item in 
question". Y This data, Davis said, would be used more 
often if it were not for the laborious computations involved. 
A short cut procedure has been devised. In 1939 Kelley 3/ 
demonstrated that 11 the lowest and highest 27 % of a sample 
are the optimum groups for use when item-analysis data are 
to be obtained for items of 50% difficulty level 11 • Kelly 
also outlined a procedure for estimating a product-moment 
coefficient between each item in a test and the total test 
score, excluding the item in question, on the basis of which 
the highest and lowest 27 % of the sample were selected as 
criterion groups. 
1. F. B. Davia, ££• cit., p. 6 
2. F. B. Davis, ££• cit., p. 9 
3. T. L. Kelly, The Selection of Upper and Lower Groups 
for the Validation of Test Items", J. Educ. Psychol., XXX 
January, 1939, pp. 17-24. 
18 
In 1936 Flanagan 17;-using the method described by 
Kelly, constructed "A Table of the Values of the Product-
Moment Coefficient of Correlation in a Normal Bivariate 
Population Corresponding to Given Proportions of Successes". 
Since Flanagan had obtained the values of the corre-
lation coefficients corresponding to the desired combina-
tions of proportions of successes in the highest and lowest 
27 % of the sample, the values in his table were simply 
converted into discrimination indices. After the coef-
ficients in Flanagan's table had been transformed into 
-discrimination indices, the values in the item-analysis 
chart were smoothed and checked for accuracy and the 
resulting values were placed in Davis' item-analysis chart. 
When the criterion variable used for item-analysis 
is not the total score on the test, Davis suggests that 
"the discrimination indice.s read from the accompanying 
item-analysis should probably be inferred to as validity 
indices in order to distinguish them from the internal-
consistency discrimination indices obtai~ed when the 
total score on the test is the criterion 11 • 2/ Davis 
further states that, 11 items with discrimination indices 
above 20 will ordinarily be found to ha~e sufficient 
1. J. C. Flanagan, "General Considerations in the Selection 
of Test Items and a Short Method of Estimating the Product-
Moment Coefficient from the Data at the Tails of the 
Distributions", J. Educ. Psychol., XXX Dec., 1939. 
2. F. B. Davis, .£2· · cit., p. 28. 
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discriminating power for use in most achievement and 
aptitude tests". l/ 
Computational procedures: Difficulty and discrim-
ination indices read from the item-analysis char~ will 
be most useful and most meaningful when the proportions 
are computed by means of the following formulas: ~/ 
For the highest 27 % of the sample: 
p 
H : 
R 
H 
-NR 
H 
w 
H 
K - 1 (1) 
For the lowest 27 % of the 
RL 
sample:: 
w 
L 
where: 
K - 1 (2) 
NH - the number of testees in the highest 27 % -
of the sample, 
RH - the nurnber of testees in the highest 27 % -
of the sample that answer the item correctly, 
WH -
-
the number of testees in the highest 27 % of 
the sample that answer the item incorrectly, 
lffiH : the number of testees in the highest 27 % of 
the sample that do not reach the item in the 
time limit, 
1. F. B. Davis, op. cit., P• 15. 
2. Ibid, P• 30. 
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NL ~ the number of testees in the lowest 27 % 
of the sample, 
RL s the number of testees in the lowest 27 % 
of the sample answer the item correctly, 
WL = the number of testees in the lowest 27 % 
of the sample that answer the item 
incorrectly, 
NRL : the number of testees in the lowest 27 % 
of the sample that do not reach the item 
in the time limit, 
K = the number of choices in the item. 
After a set of test papers has been scored, the 
papers should be arranged in rank order with respect to 
the score that is to be used as the criterion for the item 
analysis. The highest 27 % and the lowest 2:7 % of ·.the 
sample are then removed. 
The number of subjects in the high-scoring group 
that marked the correct answer t :o the item and the ntmlber 
that marked any wrong answer should be determined. The 
same data should then be obtained for the low-scoring 
group. The percentages with which the item-analysis chart 
is entered may now be computed, using formula (1) and (2). 
Interpolation in the item-analysis chart, then follows. 
Davis further states that: 
If an item is so difficult for the members of the 
group in which it is tried out that fewer subjects 
I 
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in both high-scoring and low-scoring groups 
answer it correctly than would be expected 
·by chance, both figures needed to enter the 
item-analysis chart will be negative. Since 
items should be, and ordinarily are, tried out 
in groups reasonably similar to those in which 
the final f'orm of' the test is to be used, items 
with difficulty indices below~~ not 
ordinarily useful. However, serviceable discrimina-
tion and difficulty indices may be obtained f'or 
an item when the proportions of' successes 
(corrected f'or chance) in both the high-scoring 
and low-scoring groups are negative. The chart 
is entered as though the proportions were 
positive and the signs of' the indices are reversed. 
If for a given item the signs of the two propor-
tions used to enter the chart are different, 
there is no straigh.tf'orward way of' using the 
item-analysis chart. 
Practical experience has convinced Davis that 
reasonably serviceable discrimination indices can be 
obtained for items when the percentage of successes in 
the lowest 27 % of the sample is smaller than 1. Such a 
percentage to be entered in the chart is determined by the 
number of testees that tried the item. Davis shows in 
Table II l / that "the percentage is 1 if' the numerical 
value of · the denominator in Formula (2) is 34 or more". 
~/hen the number of testees is less than 34, Davis con-
tinues to say, "there is doubtful warrant for computing 
item-analysis data for the item; however, percentages 
corresponding to as small a number of testees as 5 are 
included in Tabl.e II". 
If' the percentage of successes in the highest 27 % 
1. F. B. Davis, ££. cit., P• 35. 
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- or the sample is above 99, the percentage used to enter 
the item-analysis chart may be altered arbitrarily. As 
shown in Table III 1/, this percentage is 99 if the 
numerical value of the denominator in Formula (1) is 34 
or more. Again, Davis states that there "is doubtful 
warrant for computing item-analysis data for an item if 
the number of testees in the highest ~7 % of the sample 
that tried the item is less than 34 ~/; However, 
percentages corresponding to as small a number of testees 
as 5 are included in Table III. 
Each test item in this study undergoes the statis-
tical techniques discussed in the computational procedures. 
Difficulty ~~d discrimination indices are obtained for 
each test item and the item is rated as to its discriminat-
ing power. Statistically valuable reliability coefficients 
for this test cannot be obtained according to Ilavi:s: 3/ 
' It must be remembered that test validity is, after all, 
the prime consideration in test construction. In practice, 
the loss of reliability is apt to be slight in the range 
of critical scores if the distribution of difficulty in-
dices of the items has been properly arranged. The mean-
ingfulness of ordinary reliability coefficients for tests 
constructed in accordance with the principles set forth in 
this chapter is seriously open to question. If such coef-
ficients have been computed by legitimate means, they 
1 •• F. B. Dav~·§, ££• cit. P• 36. 2 Ibid, P• • --~-"- _ !E i~ _P ~-- __ -22_· 
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provide an indication of consistency of measurement through-
out the entire range of scores in the sample, but an indi-
cation of this sort is rarely of genuine importance to the 
test user. He is interested primarily in the consistency 
of measurement within only a certain limited range of scores 
or at a particular score used as a passing mark. A tes~ 
I 
constructed in such a way as to maximize accuracy of meas-
urement in the range of scores where it is most needed may 
actually have a lower reliability coefficient throughout a 
wide range of scores than a test less efficiently con-
structed. 
Validity of the item is determined by the discrimina-
tion index. ·obtained by Davis 1 computational procedures. 
Davis states that, "when the criterion variable is not the 
total score on the test, the discrimination indices; read 
from the item-analysis chart should probably be referred 
to as validity indices in order to distinguish them from 
the internal-consistency discrimination indices obtained 
when the total score on the test is the criterion". l/ 
Davis further states that, "items with discrimination in-
dices above 20 will ordinarily be found to have sufficient 
discriminating power for use in most achievement and 
aptitude tests" 21· 
1. F. B. Davis, £E. cit., p. 28. 
2. Ibid, P• 15. 
I 
J 
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CHAPTER IV 
ANALYSIS OF DATA 
Data. The following data are used in the analysis: 
of the items: 
1. Number of testees: 43 
2. Twenty-seven percent (27%) of the highest scoring 
group: twelve ( 12:) . 
3. Twenty-seven percent (27%) of the lowest scoring 
group: twelve ( 12) • 
4- The formula used for the percentage of successes 
(corrected for chance) in the highest 2.7% of the 
sample is,:: WH R 
H 
. K - 1 
PH - 1/ 
-
NH NRH 
5. The formula used for the percentage of successes 
(corrected for chance) in the lowest 27 % of the 
sample is:: 
6. 
p 
L 
w 
L 
K. - 1 
NL - NR 
(x·) Indicates correct choice. L 
7. *(X) Indlcates the correc:b choice and principle used. 
8. * Indicates the principle used. 
9. A good difficulty index is fifty (50). A serviceable 
range is forty to ~ sixty . (40-60). 
10. A discrimination index of twenty (20) is necessary 
for use in most achievement and aptitude tests. 
1. F. B. Davis, QQ. cit., P• 34 
2. F. B. Davis, TOc.-cit. 
ITEM NO. I 
Individual living things grow old and die. Every organism 
now living is to be looked upon as the latest member of 
a long succession of living things extending back gen-
eration after generation to the dawn of life. This 
continuity must be maintained by the transmission of life 
from one individual to a succession of new ones, its 
offspring. This process may take place in various ways. 
Check the statements below which most accurately agree 
with the above paragraph. 
i~(XJ a. Reproduction is a fundamental biological 
process that provides for the continuance 
of life on the earth by providing new 
individuals. 
( ) b. Life on earth is maintained by the creation 
of new species to replace older species as: 
they become extinct. 
( ) c. The process referred to above concerns al~ 
living and non-living forms in their 
continuance on earth. 
(X) d. Life on earth goes on from generation to 
generation; all animals and plants of 
today are the result of reproduction 
processes from the dawn of life. 
------ --=== 
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RESULTS 
High Scoring gz ~ 
Eight: 10 Right:. 
Wrong: 2 Wrong: 
.. 
... 10 - 2/3 
12 -- 77.7 ~ p -L -
Low-Scoring ~ % 
7 
5 
7 - 5/3 = 26.6 ~ 
12' 
Interpolation in the item-analysis chart indicate~ 
that the 
Discrimination Index is: 35 
Difficulty Index is: 51 
RATING 
In the high-scoring group of twelve students:, ten 
students marked the right answer with two marking wrong 
choices. In the low-scoring ~oup of twelve students, 
seven marked the right answer with five making w.rong 
choices. This indicates that this is a serviceable 
item with good discriminating power and can be used 
effectively in this instrument. 
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ITEM NO. 2 
The laws of inheritance first formulated by Mendel in 1866 
and rediscovered in 1900 have been tested and retested by 
all kinds of genetic experiments. We can now define the 
gene as a unit, transmitted from parents to offspring, 
which is responsible for the development of certain traits 
in individuals. Many investigators have endeaYored to 
discover just where in the organism the genes are ]Located, 
what they are, and how they function. The efforts of 
these investigators have been brilliantly successfuJL, and 
it is now known that genes are particles borne in the 
chromosomes of cell nuclei. 
~fuile it is imaginable that a certain character in a plant 
or animal might be determined by a single gene, it is not 
probable that the case is ever quite so simple. Each 
character is represented by many genes which are often not 
even in the same chromosome. Since there are so many 
characters, each chromosome carries a great many genes. 
Check the statements below which most accurately agree 
with the above paragraphs. 
( ) 
( ) 
-i~(X) 
(X) 
a. Mendel, as his laws in ~866 show, knew gene 
transmission and properly deduced the 
chromosomes as carriers. 
b. Genes were known to be the cause of hereditary 
transmission as early as the mid 19th century. 
c. The hereditary characters in all organisms are 
determined by genes which are carried in the 
chromosomes. 
d. Genes are the basis of heredity and each gene 
is the cause of a trait or part of a trait in 
succeeding generations. 
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Right: 
Wrong: 
RESULTS 
High-Scoring ~ 
12 
12 - 0/3 
12 
0 
= 100 % 
Right: 
Wrong: 
p = L 
Low-Scoring ~ 
8 
4 
8 - 4/3 = 
12 55.5 % 
Interpolation in the item-analysis chgrt indicates 
that the 
Discrimination Index is: 39 
Di~~iculty Index ·is: 65 
RATING 
In the high-scoring group all twelve students marked 
the right answer. Since the percentage of successes in 
the highest twenty-seven percent of the sample was above 
ninety~nine, the percentage used to enter in the item-
analysis was derived from Table III 1/ • In the low-
scoring group of twelve students, eight students marked 
the correct answer with four making wrong choices. 
The item has good discriminating power and can be used 
ef~ectively in this instrument. 
1. F. B. Davis,~· cit., P• 36 
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ITEM NO. 3 
Through the union of two sex cells or gametes which form 
one cell, or zygote, a new individual develops. In the 
lowest plants and animals the gametes which unite may be 
so much alike that neither of them can be classed as 
female or male. In most organisms,. there is a division 
of labor betv.~teen relatively large food l .aden female cells, 
the eggs, and small and usually motile male cells known 
as sperms. Most plants and some animals are hermaphrodites 
that is, they carry female and male sex organs and the 
same individual produces female and male gametes. In 
some hermaphrodites, zygotes may be formed by a union of 
gametes in the same body. This is the rule in some plant 
species; however, among animals it is rare. 
Check the statements below which most accurately agree 
with the above paragraphs. 
( ) a. In sexual reproduction, self-fertilization occurs 
less frequently in plants as compared to animals. · 
~l-(X) b. In sexual reproduction, a male cell unites w:i th 
the female cell to produce the young. 
( ) c. The union of two sex cells involves at least 
two different parental organisms. 
(X) d. Sexual reproduction requires unique cells 
known as gametes which can usually be 
differentiated as male and female in 
most orrganisms. 
.31 
31 
=--=-=~= ==---="-'=---=~=- ==-~=--=--=··===========~= ============~======~~ 
RESUL.TS 
High-Scoring ~ 
9 
Low·-Scoring ~ 
Right: 
Wrong: 
9 - 3/3 • 
12 
3 
66.66% 
Right:. 6 
Wrong: 6 
6 - 6/3 = 
122 
33.33% 
Interpolation in the item-analysis chart indicates that 
the 
Discrimination Index is: 21 
Difficulty Index is: 50 
RATING 
In the high-scoring group of twelve students, nine 
marked the correct answer while three marked wrong 
choices. In the low-scoring group of twelve students, 
the distribution was even with six marking the correct 
answer and six marking wrong choices. . The item had 
fair discriminating power and can be used effectively 
in this instrument. 
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ITEM NO. 4 
People in all ages have believed that living things: 
originated from nonliving matter without any relation 
to other living things. This is called spontaneous 
generation. Opposed to it is the notion that living 
beings can arise only from other living things of 
the same kind. Biologists have long ago found reason 
to give up the theory of spontaneous generation. 
Living beings, the higher and lower animals, the great 
plant kingdom, the microorganisms, and the smallest 
forms of all, the viruses, all share certain common 
properties which distinguish them from lifeless matter. 
One of the most importants of these properties is 
reproduction. 
Check the statements which most accurately agree with 
the above paragraph. 
~~(X) 
( ) 
( } 
-!f-(X) 
a. Living things come only from living things. 
b. After a new species is spontaneously created 
it then reproduces others of its kind. 
c. Scientists now know enough of the chemical 
make-up of protoplasm to produce living 
materials in the laboratory. 
d. All life comes from preceding life. 
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RESULTS 
High-Scoring ~ 
Right: 12 Right:: 
Wrong: 0 
12 0/3 
12 
Wrong: 
= 
= 
Low-Scoring ~ 
10 
10 - 2/3 
12' 77.7 % 
Interpolation in the item-analysis chart indicates 
that the 
Discrimination Index is·: 2-4 
Difficulty Index is: 74 
RATING 
In the high-scoring group of twelve s t udents, all twelve 
marked the correct answer. Since the percentage of suc ~ -
cesses in this highest twenty-seven percent of the 
sample was above ninety-nine, the percentage used to 
enter in the item-analysis was derived from Table III 1/. 
In the low-scoring group of t welve students, ten marked 
the correct answer with two marking wrong choices. The 
high percentage of successes in both groups was probably 
due t o the perceivable correctness of the two principles 
used in this item. This item can be rated as a fair 
item. However, its effectiveness and discriminating 
power can be questioned since ten studenta in the Ji.ow-
scoring group made the right choice. 
1. F. B. Davis, ££• cit., p. 36 
ITEM NO. 5 
If the mechanisms for variation of species i.e. evolution, 
was not provided by acquired characteristics, whence did 
it come? It undoubtedly came as geneticists are noW! 
agreed through spontaneous changes in genes and chromosomes 
which have been referred to as mutations. Here is an exampl~: 
A cattle breeder noticed in a herd of cattle, a calf 
which was born without horns ~this was unusual since 
domestic breeds of cattle were always horned. This calf 
never developed any hornes and all the progeny of this 
calf were hornless. 
Check the statements below which are correct in this 
situation. 
(X) a. Neither parents of the calf were responsible 
for the hornless calf since they themselves 
were horned. 
( ) b. Environment does not affect heredity since 
none of : the other cattle in the same area 
were affected. 
( ) c. We can accurately predict the occurrence of 
new characteristics in animals. 
~~( ) d. New kinds of living things have arisen through 
mutation. 
34 
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RESULTS 
High-Scoring ~ 
Rig._h.t: 1 Right: 
Wrong : 11 Wrong: 
p 
H -- 1 - 11/3 = 12 
p 
L 
-
-
I 
Low-Scoring ~ 
0 
]2 
0 - ] 2/3 = 
12 
0 
Interpolation in the item-analysis chart indicates 
that the 
Discrimination Index is: None 
Difficulty Index is: None 
RATING 
This item was a poor item and should be eliminated. No 
discrimination or difficulty indices were available for 
this item since the signs of the two proportions were 
different and in that case there is no straightforward 
way of using the item-analysis chart. In the high-scoring 
group of twelve students only one marked the right answer 
while eleven marked wrong choices. In the low-scoring 
group no right choices were made. Although many students 
marked the right principle, the second correct choice was 
poorly written and many students shied away from it. 
The item may become serviceable if the questionable 
choice (a), is rev~itten. 
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ITEM NO. 6 
Methods of transmitting life from one to a succession of 
new ones are similar. In the simplest method the body 
of the parent becomes divided i nto two or more parts 
each of which grow into a new individual. With anim§ls 
this method is uncommon except in the simplest types·. 
Another method much more important is that in which the 
new individual arises through the union of sex cells 
which form one cell from which develops the new· 
individual. In summary: All the modes of reproduction 
of organic life are alike in their nature, varying only 
in complexity of development. They fall into two 
categories, asexual and sexual reproduction.-!~ 
Check one statement below which most accurately agrees 
with the above paragraph. 
( ) a. Sexual reproduction in animals is a case of' 
producing two new organisms where one existed 
before. 
(X) b. Reproduction by whatever means is the simple 
numerical increase or maintenance of the 
species. 
( ) c. Reproduction of all living things involves 
the union of ma]e and f'emale gametes. 
( ) d. Asexual reproduction is the process of the 
union of reproductive cells to form a new 
individual. 
37 
---~========~=====================================~========~F=====~~=== 
RESULTS 
High-Scoring ~ 
12 
Low-Scoring ~ 
Right: 
Wrong: 
p 
H --
0 
12 013 = 12 I 100 % 
Right: 6 
Wrong:. 6 
p 
L = 
6 6/3 = 
12 33.33% 
Interpolation in the item-analysis chart indicates 
that the 
Discrimination Index is: 53 
Di~~iculty Index is: 58 
This item was unique in that the principle was blended 
in the paragraph preceding the multiple choices and 
summarized the paragr-aph. It was not included as a 
correct choice. In the high-scoring group o~ twelve 
students all twelve students marked the correct answer. 
Since the percentage o~ successes in the highest twenty-
seven percent of the sample was above ninety-nine, the 
percentage used to enter in the item-analysis w.as de-
rived from Table III l/. In the low-scoring gr-oup the 
choices were evenly divided with six students marking 
correct choices and six students marking wrong choices. 
The item ha~ excellent discriminating power and can be 
used effectively in this instrument. 
1. F. B. Davis, .2.1?.• cit., P• 36 
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ITEM NO. 7 
In the higher animals and plants reproductive tissue 
(the germ cells from which they arise) is generally 
distinct and separate from other tissue. Each 
organism is what it is because it developed from a 
certain germ plasm. When this organism produces 
new germ cells it merely transmits to these cells 
some of the germ plasm from which it had developed. 
Changes induced by environment in other tissues of 
the body do not change germ plasm which is the 
channel through which heredity is transmitted to 
the offspring. In Summary:. The germ plasms of 
animals and plants passes on from generation to 
generation and there has been a continuous strewn 
.from the first organism to the present living 
organisms.~~ 
Check one statement below which most accurately 
agrees-with the above paragraph. 
(X) a. The germ plasm is a continuing protoplasmic 
bridge connecting generations in any species. 
( ) b. The germ plasm can transmit through the 
germ cell acquired characters. 
( ) c. Since germ plasm is transmitted from parent 
to .offspring individuals in vigorous health 
inherit the characteristics of their progeny 
more strongly than do parents in poor health. 
( ) d. The germ plasm is only capable of starting 
a new organism while environment is the 
controlling factor in development from that 
point onward. 
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Right: 
Wrong: 
p 
H --
RESULTS 
----
High-Scoring ~ 
10 
2 
10 - 2/3 
12 
-
-
Right: 
Wrong: 
77-7 fa p 
L 
Low-Scoring ~ 
7 
5 
7 5/3 = 
12: 
26.6 fa 
Interpolation in the item-analysis chart indicates that 
the 
Discrimination Index is:. 35 
Difficulty Index is: 51 
RATING 
The students of the high-scoring group made identical 
choices as the students of the high-scoring group in 
the first item, With ten students marking correct choices 
and two studenta marking wrong choices. In the low-
scoring group of twelve students, seven students marked 
correct choices with five students marking wrong choices. 
This indicates a serviceable item with good discriminating 
power and can be used effectively in this instrument. The 
item was unique in that the principle was blended in the 
p~agraph preceding the multiple choices and summarized 
the paragraph. It was not included as a correct choice. 
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ITEM NO. 8 
Living organisms are composed of minute structural units. 
These we call cells. While all cells differ in shape 
and appearance most possess one characteristic in common: 
a more or less spherical nucleus somewhere in the interior 
of the cell. All the millions of cells in a living 
body are identical in chromosome number with the original 
cell of a given species and have come there by division 
and subsequent growth from the single fertilized egg 
cell which gives rise to each individual. The knowledge 
of what happens when a cell divides, therefore, is of 
great importance since it concerns exact chromosomes 
distribution. 
Check one statement below which most accurately agrees 
with the above paragraph. 
~~(X) a. The fundamental process of multiplication in 
all organisms whose cells possess nuclei is 
cell division which results in the precise 
distribution of the chromosomes of the nucleus. 
( ) b. In division of a single cell in a growing 
organism it is important that at least one 
of the daughter cells have the same chromosome 
number as the parent cell. 
( ) c. All cells of living organisms possess nuclei 
and these nuclei in turn, are alike in the 
kind and number of chromosome. 
( )' d. None of the above 
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RESULTS 
High-Scoring ~ 
Right: 7 Right: 
Wrong: 5 Wrong: 
Low-Scoring ~ 
3 
9 
PH = 7 - 5/3 : 26 6d 
• /0 
12 
· p 
.. L = 3 - 9/3 : 0 
12 
Interpolation in the item~analysis chart indicates 
that the 
Discrimination Index is: 27 
Dirriculty Index is: 28 
RATING 
In the. low-scoring group of twelve, only three students 
marked correct choices while nine students made wrong 
choices. Since the percentage or successes in the 
low-scoring group w.as less than one (1), Table II l/ was 
used. In the high-sc.oring gt'>oup, however, seven ma~de 
correct choices with five making wrong choices. 
This item can be rated as a fairly serviceable item 
and can be used erfectively in this instrument. 
ITEM NO. 9 
A garden plant with a variety of red and white flowers 
is to be used in this experiment. If these two varieties 
(one red and one white) are cross-pollinated and the 
resulting seed is collected, the colors of the flowers 
growing from these seeds will invariably be pink. 
If we take the seed of this pink flower and plant it --
a surprising result would be noticed in the colors of 
the new plants of the second or F2 generation: one-half 
would have pink flowers, one-quarter red and one-quarter 
white. One reaction to the first half of this experiment 
would be to assume that the effect of the genes of the 
two parents blend to produce offspring of an interm.edia.te 
type (i.e. the first generation). However, in the next 
generation, the original characteristics separate out 
again so they can hardly have been truly blended. The 
true explanation of the pink flowers is not that they 
possess a new character, pink, but that they possess 
both red and white genes. If further crosses are made 
the combination of pink, red and white would vary in 
ratio but no new different types would occur. 
Check one statement below which most accurately agrees 
with tne-above paragraph. 
( ) a. The gene make-up (genotype) of the F2 
generation can be determined by the 
appearance of the red flowers. 
( ) b. In the second (F2) generation of cross between 
a red and white flower the resulting colors 
of the flowers would be 3 pure red to 1 white. 
( ) c. In the second and later generations of a hybrid 
every possible combination of the parent 
character occurs and each combination appears 
in a definite proportion of the individuals. 
{~( X) d. The crossing of pure bred red flowers with 
pure bred white flowers gives half red and 
half white flowers in the F2 generation. 
RESULTS 
High-Scoring ~ Low-Scoring ~ 
Right:. 11 Right: 7 
Wrong:. 1 Wrong: 5 
PH : 11 
- 1L3 
= 88.8 % p L : 7 
- 2L.2 = 26.6 % 12 12 
Interpolation in the item-analysis chart indicates 
that the 
Discrimination Index is: 46 
Difficulty Index is: 54 
RATING 
In the high-scoring group of twelve students, eleven made 
correct choices with one student marking a wrong choice. 
In the low-scoring group of twelve students, seven m~de 
correct choices with five students making wrong choices. 
This item can be rated as a serviceable item and can be 
used effectively in this instrument, having good dis-
criminating power. 
) 
ITEM NO. 10 
Investigations and experiments have proved that many 
characters seem to dominate others. In many other 
cases, however, this dominance is absent and the 
hybrid individuals rese~ble neither parent exactly but 
are more or less intermediate between the two. 
In shorthorn cattle, for example, the cross of red coat 
by white gives offspring which are "roan", in the first 
generation, their coats consisting of a mixture of red 
and white hairs. 
In other instances the hybrid offspring may resemble 
one parent much closely than they do the other. 
Provided that the parents belong to true breeding 
varieties, the first generation (Fl) hybrids are all 
uniform in their hereditary t~aits. 
Check one statement below which most accurately agrees 
with ~above paragraph. 
( ) a. This explains a process whereby a pure strain 
of a new desired color can be obtained by 
crossing two animals of the same species by o~ 
different colors to obtain a new pure breeding 
species. 
( ) b . A hybrid of the first generation is the result 
of the o~fspring of two parents of different 
species which blend to give us this new 
characteristic in all generations. 
~~(X) c. All individuals of the first generation of 
hybrids the F1 generation are uniform in 
appearance; only one of the two parental 
characters, the stronger or the dominant 
one is shown. In intermediate inheritance 
a mixture of the parental characteristics 
is shown. 
( ) d. The resulting new "roan" color in the cross 
of the red and white cattle proves that the 
Roan hybrid contains a new character (roan) 
and pure red and white characters have geen 
lost in the process. 
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RESULTS 
High-Scoring ~ Low-Scoring ~ 
Right: 12 Right: 6 
Wrong: 0 Wrong: 6 
PH = 12 -013 = 100% p 6 61.3 33.3 % = 12 L - 12 
Interpolation in the item-analysis chart indicates that 
t h e 
Discrimination Index is: 53 
Difficulty Index is: 58 
RATING 
The percentages of successes of both the high-scoring and 
low-scoring groups were identical to item #6. Since the 
percentage of successes in the highest twenty-seven per-
cent of the sample was above ninety-nine, the percentage 
used to enter in the item-analysis was derived from 
Table III 1/. This item can be rated as a serviceab1e 
item with good discriminating power and can be used 
effectively in this instrument. 
1. F. B. Davis, ~· £!!• P• 36 
t.• 
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ITEM NO. 11 
In the cross o£ red and white ~eas let C stand £or the 
gene £or red flowers (dominant) and.£ for the gene for 
white .flowers (recessive). Now, since an individual 
arises from the union of two gametes, it received a gene 
for flower color from both parents. The true breeding 
red-flowered parent may be represented by CC and its 
gametes as C; the true-breeding white parent is cc and 
its gametes-as .£• Any plant receiving one large c-would 
be red. 
Let us asst~e that in fertili zation the gametes combine 
at random so that there is no preference for or avoid-
ance of unions o£ gametes which contain like or unlike 
genes. Also let it be supposed that the plants o£ all 
genotypes CC, Cc, and cc are equally viable, then: 
Male gametes with C fertilize C eggs forming CC plants; 
C male gametes may fertilize c eggs forming Cc plants 
c male gametes with C eggs give also Cc plants 
c male gametes and c eggs produce cc plants. 
Since each of these four combinations may occur as 
often as the other, each should give rise to approximately 
one-£ourth o£ the progeny. Of course results of 
breeding experiments do not display exact ratios. The 
ratio 3:1 and other Mendelian ratios merely indicate 
the expectation on the basis of probability. 
Check one statement below whic:tJ: most accurately agrees 
with the above paragraph. 
( ) a. Since the · gametes combine at random it is 
difficult to predict ratios allowing for the 
great variety of progeny which may be 
produced. 
~}(X) b. Since the genes of the two parents combine 
at random in the germ cells and since the 
germ cells meet at random in fertilization 
the individuals of any generation occur in 
certain predictable ratios. 
( ) c. In the cross of the red and white flowers 
genes from either parent are sufficient to 
produce the normal red white ratios. 
( ) d. Gametes of the red male flower would produce a 3 red and 1 white ratio while those. of the red 
female would produce a 1 red :3 ~ .. :whi te ratio. 
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I. 
Right: 
Wrong: 
p 
H 
RESULTS 
High-Scoring ~ 
6 
6 
6 - 6/3 
12 
-
-
Right: 
Wrong: 
33.33 % P· -L -
Low-Scoring 27 % 
5 
7 
5 - 7/3 = 
12 22 % 
Interpolation in the item-analysis chart indicates 
that the 
Discrimination Index is: 8 
Difficulty Index is: 37 
RATING 
This item was a poor item having very low discriminating 
power indicating poor validity. In the high-scoring 
group of twelve students, six students made correct 
choices with six making wrong choices. In the low.-
scoring group of twelve students· five students marked 
correct choices with seven students making wrong choices. 
The chief complaint of this item was that the paragraphs 
of the item were lengthy and involved. Good results may 
ensue if the item is shortened and rewritten. 
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ITEM NO. 12 
First and foremost that which causes us to develop as 
human beings different from all other animals, is heredity. 
All that environment can do is only enable our heredity 
potentialities to assert themselves or to modify or to 
prevent their development. But once our genes are allow-
ed to go their course there is not too much that en-
vironment can do to alter the general physical directions 
taken by members of our species. Under infinitely varied 
conditions, all the way from cave men down to modern men, 
the ptJ:ysical and organic make up of human beings has re-
mained remarkably constant with their similarities far 
overshadowing their differences. 
Check one statement below which most accurately agrees 
with the above paragraph. 
( ) a. This proves that if persons have exactly the 
same heredity there can be no difference due 
to environment. 
( ) b. A good example of the above paragraph is the 
cactus which was developed through environmental 
necessity of a plant--which caused it to evolve 
using less water. 
( ) c. Heredity is the sole factor of an individual's 
personality exclusive of the surroundings in 
which he operates. 
* (X) d. Heredity supplies the native capacities of our 
organism; environment determines to a large 
extent how fully these capacities will be devel-
oped. 
Right: 
Wrong: 
RESULTS 
High-Scoring 27 % 
. 12 Right: 
0 Wrong: 
Low-Scoring 27 % 
8 
4 
PH : 12 - 6/3 : 100 % 
12 PL : 8 - 4/3 - 55.5 % 12 -
Interpolation in the item-analysis chart indicates that 
the 
Discrimination Index is: 39 
Difficulty Index is: 65 
RATING 
This i tam was ident-ical to item # 2 as to the discrimina-
.tion and difficulty indices. In the high scoring group 
of twelve students, all twelve students made correct 
choices. Since the percentage of successes in this 
highest twenty-seven percent of the sample was ·. above n;t:nety 
nine, the percentage used to enter in the item-analysis 
was derived from Table III 11. In the low scoring group of 
twelve students, eight students marked correct choices 
with four making wrong choices. This item can be rated 
as a serviceable item with good discriminating power and 
can be used effectively in this instrument. 
1. F. B. Davis, ££• cit. p. 36 
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ITEM NO. 13 
Sexual reproduction occurs in all kinds of organisms from 
unicellular algae and protozoans up to the highest plants 
and animals. It has been recently shown (Lederberg) that 
Mendelian segregation and so probably sexual fusion may 
take place in same bacteria. An essent~al feature of sex-
ual reproduction is that the new individual ar.ises through 
the union of two sex cells or gametes which form one cell 
or zygote. The only str~ctures that are at all , similar 
in female and male gametes of the same species are their 
nuclei and particularly the chromosome complements con-
tained in the nuclei. 
In the lowest plants and animals the gametes which unite 
may be so much alike that neither of them can be classed 
as female or male. 
Check one statement below which most accurately agrees 
with t~above paragraph. 
( ) a. In every representative of every phylum of ani-
mals and plants gametes are similar oan be 
identified as male or female. 
* (X) b. Sexual reproduction is an almost universal method 
of reproduction and occurs in representatives 
of every phylum of plants and animals. 
( ) o. Since sexual reproduction occurs in all kinds 
of organisms it can safely be said that this 
is the only method of reproduction in all phylums 
of plants and animals. 
( ) d. None of the above. 
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RESULTS 
--
Hi5!!-Scoring 27 ~ Low-Scorins 27 ~ · 
Right: 9 Right~ 1 
Wrong: 3 Wrong:: 11 
p 
-
9 
- 3{.3 = 66.6 % p .. 1 - llL3 - 22 % H .. 12 L - 12 
Interpolation in the item-analysis chart indicates that 
the 
Discrimination Index is: None 
Difficulty Index is: None 
RATING 
This was a very poor item and should be eliminated. No . 
discrimination or difficulty indices were available for 
this item since the signs of the two proportions were 
different ~nd in that ease there is no straightforward 
way of using the item-analysis chart. In the high scoring 
group of twelve students, nine students marked correct 
choices with three making wrong choices. In the low 
scoring group of twelve students, only one student marked 
the correct choice with . eleven students making wrong 
choices. This resulted in a minus ( - ) sign for the 
percentage of successes in the low scoring group and elim-
inated the item from the item-analysis chart. 
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ITEM NO~ 14 
Both animals and plants exist in an environment which is 
part hostile to them, and which would destroy them if 
they were not properly adjusted to it. - Organisms are in 
fact rather well adjusted to the ordinary conditions of the 
environment in which they are accustomed to live. A lack 
of adjustment becomes evident if unusual conditions appear, 
or if organisms are placed in an environment for which 
they are not fitted. 
Check one statement below which most accurately agrees with · 
the above paragr~·ph. 
( ) 
( ) 
* (X) 
( ) 
a. Animals and plants can be transferred to new en-
vironments where they immediately adjust to the 
new situation. 
b. Living organisms . do not have to worry about any 
unusual changes in 'environment since they are 
well adapted to all changes. 
c. Each species of living organism is adapted, or 
is in the process of becoming adapted, to live 
where it is found. 
d. None of the above. 
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RESULTS 
High-Scoring 2? ~ Low-Scoring 2? % 
Right: 11 Right: 5 
Wrong: 1 Wrong: ? 
p 
- 11 
- 1L3 - 88.8 % PL .. 5 - ?L3 - 22 % H - 12 ~ - 12 
Interpolation in the item-analysis chart indicates that 
the 
Discrimination Index is: 49 
Difficulty Index is: 53 
RATING 
In the high scoring group of twelve students, eleven 
students marked correct choices with one student marking 
a wrong choice. In the low scoring group· of twelve 
students, five students marked correct choices with 
seven students marking wrong choices. The item can be 
rated as a serviceable item with good discriminating 
power and can be used ef£ectively in this instrument. 
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ITEM NO. 15 
Every individual organism is composed of distinct hereditar 
characters which are transmitted by distinct hereditary 
factors (genes). The great discovery by Mendel proved 
this conclusively by experimentation. 
*In a hybrid the different parental genes ( Pl ) are com-
bined. When the sex cells of the hybrid are formed the 
two parental genes separate again remaining quite un-
changed and pure, each sex cell containing only one of the 
two genes o~ one pair. 
Check the statement below which most accurately agrees 
with the above paragraph. 
( ) 
(X) 
( ) 
( ) 
a. The two different parental genes for a given 
characteristic that are found in a hybrid are 
transmitted in a group to sex cells of a hybrid. 
b. The parental ( Pl ) genes although combined in 
the resulting hybrid (Fl) cannot really be blend-
ed since the genes of the hybrid again separate 
in the formation of new sex cells ( F2 ) • 
c. A hybrid can be defined as carrying genes which 
were blended resulting in a new variety. 
d. ~one of the above. 
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RESULTS 
High-Scoring 27 % 
Right: 7 Right: 
Wrong: 5 Wrong: 
Low-Scoring 27 % 
': 5 
7 
p - 7 - 5/3 - 26.6 % 
H- 12 -
p - 5 - 7/3 - 22 % 
L - 12 
Interpolation in the item-analysis chart indicates that 
the 
Discrimination Index is~ 4 
Difficulty Index is: 35 
RATING 
This item was a poor item with a very low discrimination 
index indicating poor validity. In the high scoring group 
of twelve students, seven stud~nts, marked correct choices 
with five making wrong choices. In the low .scoring group 
of twelve students, the reverse resulted with five students 
marking correct answers and seven making wrong choices. 
The item was unique in that the principle was blended in th 
paragraph preceding the multiple choices and summarized 
the paragraph. It was not included as a correct choice. 
The item has poor. discriminating power and should be 
eliminated. 
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ITEM NO. 16 
Man is started off with forty-eight chromosomes. These 
forty-eight chromosomes comprise all the pnysical heritage 
with which you begin your life. By a process of division 
and redivision these initial forty-eight chromosomes with-
in each cell are so multiplied that eventually every cell 
in the body contains an exact replica of each and every 
• one of them~hfs is not mere theory. If you are willing 
to lend yourself to a bit of dissection, our expert could 
take some of your own cells and show you these chromosomes. 
No such compatibility (of chromosomes) exists between any 
two animals of different species -- a cat and a dog, a 
chicken and a goose, or even a horse and a donkey -- for 
their chromosomes differ in kind and number and therefore 
are not compatible (combinable). 
Check one statement below which most accurately agrees 
with the above paragraphs. 
( ) a. Since chromosome compatability is necessary, two 
species which are of different phyla can form 
this compatability by the addition of their 
chromosomes, and can be mated to produce offspring 
( ) b. The chromosome complement found in the fertilized 
egg is rarely duplicated in the body cells of 
the organism produced by that egg. 
* (X) c. Each kind of living thing has its characteristic 
chromosome complement, and the constancy of that 
complement is preserved at each cell division. 
Different species show the utmost diversity in 
number, and form of chromosomes. 
( ) d. None of the above. 
Right: 
Wrong: 
RESULTS 
High-Scoring 2? % 
12 Right: 
0 Wrong: 
Low-Scoring 2? % 
8 
4 
PH : 12 - 0/3 : 100 % 12 p - 8 - 4/3 -- 55.5 % L - 12-
Interpolation in the item-analysis chart indicates that 
the 
·Discrimination Index is: 39 
Difficulty Index is: 65 
RATING 
This ' item was identical to items two (2) and twelve (12) 1 
as to the discrimination and di1'fl~ulty indices. In the 
high 'scoring group of twel.ve students, all twelve students 
made correct choices. Since the percentage of successes 
in this highest twenty-seven percent of the sample was 
above ninety-nine• the percentage used to enter in the 
item-analysis was der~ved from Table III!/. In the low 
scoring group of twelve students, eight students marked 
the correct answer with four making wrong choices. This 
item can be rated as a serviceable item with good dis-
criminating pow~r and can be used effectively in this 
instrument. 
1. F. B. Davis, ~· £!!• P• 36. 
5? 
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CHAPrER V 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions. The use of the generalization in the 
field of teaching sciences has been gradually gaining 
in value. This gain in value has been realized by ex-
perimental investigations. • big step toward the ex-
perimental investigations was completed by W. E. Martin 
when he established his 300 major principles and 246 
minor principles. 
This study has attempted, in a small way, to show 
the importance (and use) of some of these principles by 
applying them to testing procedures. It is hoped that 
more work will be done in this direction, for Martin's 
Principles offer a ·wealth of material for use in the 
Biological Sciences~ 
The data received from this study were applied 
in formulating the following conclusions: 
1. Four items were found to be of low validity 
for this study. 
2. One item was of average validity for this study. 
3. Eleven items were found to be of high validity. 
4. Some difficulty was probably encountered in the 
read~ng of the items that tended to become 
unduly long a~d invol~ed. 
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5. On the whole, the test instrument used in this 
study, composed of the sixteen test items would 
have validity and satisfactory difficulty indices; 
the arithmetical mean of the forty-three students 
was found to be 15.28. The highest possible total 
score was 21 • 
Recommendations. From the findings of this study, . 
the following recommendations are suggested: 
1. Some of the biological science principles listed 
by Martin should be more compact and distinct. 
2. Only one essential idea should be incorporated in 
each principle used. 
3. Some of Martin's principles are unduly long; 
simplicity should be stressed. This would 
require, in many cases, rewording of the 
principles. 
4. A study might be made using all of Martin's 
· 100 major principles to meet the above three 
requirements, following the statistical tech-
niques of this study. 
5. A similar study, meeting the above four re-
quirements might correlate scores of the general 
education students with those of liberal arts 
students. 
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APPENDIX ! 
Following is a list of Martin's one-hundred Major 
Principles. The principles marked with a (*) were used 
in this study. 
1. The food requirements of every living thing are~ 
fuels capable of yielding, when oxidized, the supply 
of energy without whiCh life cannot continue; materials 
for growth and for replacement for the slight wearing 
away of the living tissue involved in any activity; 
minerals, the necessary constituents of cell struc-
tures, of cell products, and 9f the bathing fluid 
of cells; the vitamins or "accessory" food factors. 
2. The cell is the unit of structure and function in 
in all organisms. 
3. The protoplasm of cell carries on continuously all 
the general processes of any living body; the pro-
cesses concerned in the growth and repair or up-
building of protoplasm (anabolism) and the processes 
concerned with the breaking down of protoplasm and 
elimination of wastes from the cell (c~tabolism). 
The sum of all these chemical and physical pro-
cesses is metabolism. 
* 4. Reproduction is a fundamental biological process that 
provides for the continuance of life on the earth 
by providing new individuals. 
s. Circulation is carried on in all living organisms. 
~-~-=-=-==-~-=-~r==~~~~-~-=-=--~--=-=-~-=--~-~---=·=-~==~~==~~==~~ 
With increase in size and complexity of the body 
of an organism there goes a corresponding elabo-
ration of the transportation (circulatory) system. 
6. All living organisms (except viruses and bacterio-
phage) carry on the common life processes; repro-
duction, growth, nutrition, excretion, respiration, 
and irritability. 
?. In the presence of sunlight the chloroplasts of 
chlorophyll-bearing plants convert carbon dioxide 
and water into intermediate substances, and these 
into sugar, and sugar into starch, and liberate 
oxygen; thus directly or indirectly producing 
practically all the food in the world. 
a. A balance in nature is maintained through inter-
relations of plants and animals with each other and 
with their physical environment. 
9. Cellular respiration {aerobic decomposition) occurs 
in all living cells and all organisms possess 
structure by means of which it can be carried on. 
Its first step is intake of oxygen either directly 
from the air or dissolved in water, its final pro-
duct is carbon dioxide, and free energy is released. 
In the cells it is accomplished at ordinary temperatur 
by the intervention .of special enzymes. 
10. Cells are organized into tissues, tissues into 
organs and organs into systems, the better to carry 
I I 
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on the functions of complex organisms. 
11. In organisms the end products of metabolisms, water, 
carbon dioxide, and nitrogenous compounds, are either 
stored in the cells as insoluble crystals, are 
eliminated in solution by diffusion, or osmosis 
(excretion); are incorporated into useful cell pro-
ducts (secretion); or are recombined into food sub-
stances within the organism. 
12. Most cases of fermentation, souring, and putrefaction 
are brought about by living micro-organisms. 
13. Food, oxygen, certain optimal conditions of temper-
ature, moisture, and light, are essential to the life 
of most living things. 
14. All the higher forms of terrestrial life are depend-
ent either directly or indirectly on the soil bac-
teria for their nitrogen supply. 
* 15. In sexual reproduction a male cell from one parent 
unites with a female cell from the other parent 
to produce the young (except in the few cases of 
self-fe~tilization). 
16. All Communi cable diseases are caused by micro-
organisms. 
17. Protoplasm is the physical basis of all life. 
18. The multitude of interrelated neurons of the nervous 
system of higher animals forms a complex system 
through which every organ of the body is in con-
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19. 
nection with every other organ. 
Living things alter their types; present species 
have not always existed, but have originated by 
descent from others which in turn were derived fran 
still earlier ones, and so down to the first living 
forms. 
20. All living things respond to stimuli in their en-
vironment. 
21. The biological functions of co;L'or are to conceal, 
to disgui.se, or to advertise. 
22. A parasitic organism harms its host in various ways 
. and to various degrees, by actively att.S:cking the 
tissues, by shedding poisons (toxins) which are 
distributed throughout the body of the host, by 
competing with the host for food or even by making 
reproduction of the host impossible. 
23. All living things are slowly changing, both struc-
turally and functionally, in response to changes 
in their physical environments. 
24. Every species of organism is subject to certain checks 
or controls in the form of enemies and only those 
members that are most capable of avoiding their 
enemies survive to reproduce new offspring and there-
by transmit many of their characters to their off-
spring. 
64 
----=-==~I=========================================-===-=-=-==~~==========9F==·=-=-==~-
:-.o- -===-= --.=== ===-=-=-=-=--=== -
25. Protective adaptations aid survival. 
26. · Digestion in plants and animals is carried on by 
enzymes, or organic catalysts, which are made by the 
organisms themselves and which take part in and speed 
up the chemical reactions but do not undergo any 
permanent chemical change themselves. 
2?. Enzymes, vitamins, and hormones are chemical regula-
tors (stimulators and suppressors) of the reactions 
that occur in living organisms. 
* 28. Living things come only from living things. 
29. All plants and animals are engaged in a constant 
struggle for energy. 
30. The energy which makes possible the activity of most 
living things comes at first from the sun and is 
secured by the organism through the oxidation of 
food within its body. 
31. Regeneration is almost universal among living things; . 
from the simple to' the more complex animals the 
abilities to regenerate lost parts and to reproduce 
asexually fall off, gradually and independently, 
as the body becomes more specialized. 
32. All living cells require oxygen to provide energy 
or to build new protoplasm. 
33. Every cell consists essentially of a mass of proto-
plasm which is usually differentiated into a centPal 
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portion, the nucleus, and an outer portion, the 
cytoplasm. 
34. Energy and matter are · not created or destroyed in 
the reaction associated with the life processes, 
but are passed on from organism to organism in endless 
succession. 
35. Throughout the life of every organism there is a 
building up and a ' rearing down of protoplasm with 
' 
constant transformation of energy. 
36.. Infection by micro-organisms is possible only pnder 
the following conditions: 1. The infecting organ-
ism must enter the host in sufficient numbers; 2. It 
must enter by an appropriate avenue; 3. It must 
be virulent; 4. The host must be receptive. 
37. OXidation (combustion) furnishes the essential 
source of heat in the animal body; and other factors 
remaining constant, the more heat so produced the 
warmer the animal body. 
38. Saprophytic organisms are responsible for decay by 
whiCh process the necessary raw materials for growth 
of new organisms are released from dead matter. 
39. Living things are not distributed uniformly or at 
random over the surfaces of the earth, but are 
found in definite zones and local regions where con-
ditions are favorable to their survival. 
II 
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40. The antitoxins produced by the body of an organism 
are specific. 
41. The surface of the earth and the atmosphere sur-
rounding the .earth are undergoing constant changes; 
I 
therefore in order to survive, organisms must migrate, 
hibernate, aestivate, build arti!ical shelter, or 
otherwise become adapted to these changes. 
42. Certain associations of plants and animals are the 
result of a struggle for survival; for example, 
community or social life, parasitism and symbiosis. 
43. All living organisms have other living things which 
compete with them for the available energy. 
44.- Water is essential to all living things because 
protoplasmic activity is dependent upon an adequate 
* 45. 
water supply. 
The germ plasm of animals and plants passes on from 
' generation to generation and there has been a 
continuous stream from the first organism to the 
present living organisms. 
46. Farent material for the develop~ent of soils is 
formed through the physical disintegration and 
. . ..... 
chemical decomposition of rook particles and organic 
matter. 
47. From the lower to the higher forms of life, there 
is an increasing complexity of structure, and this 
is accompanied by a progressive increase in division 
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of labor. 
48. The work of the chlorophyll of all chlorophyll-
bearing plants is essential to all living things. 
49. Osmosis, the diffusion of molecules of a solvent 
(usually water) through a semi-permeable me~brane 
(a layer of cells or the membrane of a single cell) 
' from the point of higher concentration of the 
solvent to a point of lower concentration, with 
a stoppage of the flow of molecules of the solute, 
is a basic process in plant and animal pb:y'siology. 
50. The continuance of higher forms of life in anything 
like the present kinds and numbers would be im-
possible without bacteria and molds. They break 
* 51. 
52. 
down the complex carbohydrate and protein substances 
of dead plants and animals into simpler substances 
which may then be used again by living plants. 
All life comes from preceding life. 
The organisms most likely to survive and reproduce 
are those that are structurally and physiologically 
best fitted to their environments. 
53. Certain one-celled organisms escape adverse conditions 
by forming highly resistant spores which often survive 
until conditions are again favorable. 
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* 54. Every individual organism is composed of distinct 
hereditary factors (genes). In a hybrid the dif-
ferent parental genes are combined. When the sex 
cells of the hybrid are formed the two parental 
genes separate again, remaining quite unchanged 
and pure,_ each sex cell containing only one of the 
two genes of one pair. 
55. There is a cycle, from inorganic substances in the 
air and soil to :plant tissue, thence to animal 
.'tissue, from either of the last two stages via ex-
cretion or death and decay back to the air and soil. 
The energy for this everlasting rotation of life is 
furnished by the radiant energy of the sun. 
56. All living things, except chemosynthetic bacteria, 
depend directly or indirectly on photosynthesis for 
food. 
57. An animal cannot live without proteins. They are 
necessary in cell growth and maintenance; so are 
necessities in the diets of animals. Plants are 
able to use carbohydrates and nitrates to build up 
the proteins necessary for growth and maintenance 
of their cells. 
58. Energy can be transformed into mass and mass into 
energy, but the sum total, mass plus energy, remains 
constant. 
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* 59. New kinds of living things have aria~~ through 
mutation. 
60. All graduations of association occur in intimate 
associations between organisms, from those which 
are mutually beneficial to the individuals concerned 
(symbiosis) to those in which one member secures all 
the advantage at the expense of the other (parasitism) 
61. Digestion accomplishes two things: it makes food 
soluble in water, thus enabling the nutrients to 
pass through membranes and thereby reach and enter 
the cells; it reduces complex nutrients (fats, pro-
teins, and carbohydrates) to simple building 
materials which in turn can be rebuilt into whatever 
living material or structural feature is necessary 
at the place of use. 
62. Except for those organisms which exhibit metagenesis, 
all living things are able in one way or another 
to produce new living things like, or nearly like, 
themselves. 
63. All plant and animal life, along with the climate 
and varying weather, play an active part in helping 
to form and to change the soil. 
64. Carbon dioxide set free during the respiration of 
both plants and animals is absorbed by plants and 
used as a raw material of photosynthesis. 
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65. There are no elements in living matter which are 
not found in its lifeless environment; the energy 
by which life is operated is the same energy by 
which the simplest physical end chemical trans-
formations are brought about. 
66. In general, living things give evidence of a 
evidence of a definite progression from simple to 
* 67. 
complex forms. 
Since the genes of the two parents combine at 
' . 
random in the germ ce.lls and since the germ cells ., 
meet at random in fertili~etion, the individuals 
of any generation occur in certain predictable 
ratios. 
68. The range of temperature for life activities is 
very narrow as compared with the range of possible 
temperatures. There is a minimum temperature below 
which, and a maximum temperature above which, no 
life processes are carried on. The temperature 
range for life processes is from many degrees 
below OoC. to nearly the boiling point of water. 
69. The secretions of the endocrine glands are absorbed 
directly into the blood stream from the gland 
tissue that produces them and are absorbed from 
the blood by the tissues of the or gans whose 
activities are regulated by these substances. 
--- . -- ··-·- - =-== 
?1 
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70. In many multicellular organisms body form is secured 
and maintained either by the consistency of the 
tissues and the internal pressure of body fluids, or 
by the secretion of special substances whiCh are 
formed into supporting structures. 
71. Diffusion, the spread of fluids and their dissolved 
substances, throughout the protoplasm of a cell or 
the tissues of an organism is an important method 
of conveying oxygen from the surface of a cell to 
the interior, or digested foods from the place of 
digestion to the protoplasm that will use them, or 
* 72. 
* 73. 
substances that stimulate any activity to the organ 
that responds to them, or the waste materials from 
the place where they are formed to the place where 
they are stored or excreted. 
The fundamental process of reproduction in all 
organisms whose cells possess nuclei is cell division 
which results in the precise distribution of the 
chromatin of the nucleus. 
The hereditary characters in all organisms are de-
termined by the genes which are carried in the 
chromosomes. 
74. Decomposition of the carbon compounds of organisms 
provides a replenishment of carbon in the atmosphere 
in the form of carbon dioxide. This carbon is con-
tinually subjected to a series of cyclic changes 
* 75. 
from living to non-living substances. 
All individuals of the first generation of hybrids, 
the F1 generations, are uniform in appearance in 
alternative inheritance. Only one of the two pa-
rental genes separate again, remaining quite un-
changed and pure, each sex cell containing only one 
of the two genes of one pair. 
76. All living things, except a few anaerobes and 
* 77. 
autotrophic bacteria, secure their energy by 
oxidizing food. 
Each kind of living thing has its characteristic 
chromosome complement, and the constancy of that 
complement is preserved at each cell division. 
DiffereQt species show the utmost diversity in 
number, size, and form of chromosomes. 
78. In all organisms, increasing complexity of structure 
is accomplished by an increasing division of labor. 
79. The power of contraction which results in movement 
is possessed by all protoplasm to a greater or 
lesser degree. 
80. All cells produce certain chemical compounds, se-
cretions, which may be used in the processes going 
on whithin the cell, in cavities adjoining the cells, 
or at considerable distances from the cells where 
they are produced. 
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81. Every living species is continually producing 
a multitude of individuals, many more than can 
survive, varying more or less among themselves, and 
all competing against each other for the available 
energy. 
82. When the balance of nature is disturbed, disastrous 
results often follow. 
83. Reproduction in all organisms is a process of 
growth in which a single cell or a group of cells 
is separated from the parent body and develops 
into a new individual. 
84. All cells arise through the division of previous 
cells (or protoplasm), back to the primitive an-
* 85. 
.. 
oestral cell (or protoplasm). 
Each species of living organism is adapted, or is 
in the process of becoming a~apted, to live where 
it is found. 
86. Plants and animals are directly or indirectly de-
pendent on the soil. 
87. Anaerobic decomposition (fermentation) is accom-
plished at ordinary temperatures by the inter-
vention of special enzymes, dissimilation occurs 
in the absence of oxygen, its final products are 
carbon dioxide and alcohol, and free energy is re-
leased. 
=-=--=-,--=,=-=c==fi=·=====-==---=----------=-=-=- =-= . 
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88. The smallest unit of living material capable of ex-
isting independently and of maintaining itself 
* 89. 
is the unit called the cell. 
All the modes of reproduction of organic life are 
alike in their nature, varying only in complexity 
of development; they fall into two general catego-
ries, asexual and sexual reproduction. 
90. All embryos start from a single fertilized egg cell 
* 91. 
and grow through division anfr redivision into the 
form of the organism which produces the egg cell. 
Sexual reproduction is an almost universal method 
of reproduction and occurs in representatives of 
every phylum of plants and animals. 
92. Oxygen free in the atmosphere or ~issolved in water 
supplies the respiratory needs of practically all 
living organisms, except for a few p~rasitic and 
anaerobic animals, and a number of bacteria and 
fungi which can extract the oxygen needed for 
their energy production from the organic substances 
on which they feed. 
93. The phenomena of life involve chemical change, 
so that wherever life processes are being carried 
on, chemical changes are taking place. However, 
chemical change may proceed without involving life. 
94. Every animal comes into the world with a certain 
inherited endowment of congenital behavior. 
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95. Growth and repair are fundamental activities for 
all prQtoplasm. 
96. In a living organism, adaptation of action and 
* 9?. 
adaptation of stru~ture are necessary for survival. 
In the second and later generations of a hybrid, 
every possible combination of the parent character 
occurs, and each combination appears in a definite 
proportion of the individuals. 
I 
98. For each disease caused by an organism a specific 
* 99. 
100. 
microbe ex! st s. 
Heredity supplies the native capacities of an 
organism; environment determines to a large extent 
how fully these capacities will be developed. 
Clorophyll-bearing plants are adapted for food 
making. 
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TABLE NO. I 
STUDENTS IN THE HIGHEST AND LOWEST TWENTY-SEVEN-PERCENT 
(27%) GROUPS MARKING THE CORRECT OR WRONG CHOICES OF A 
TEST ITEM 
HIGHEST ~~~ GttOUP LOW§ST -2r;~ GROUP ITEM 
NO CORRECT WRONG CORRECT WRONG 
1. 10 2 7 5 
2. 12 0 8 4 
3. 9 3 6 6 
4. 12 0 10 2 
5. 1 11 0 -12 
6. 12 0 6 6 . 
7. 10 2 7 5 
8. 7 5 3 9 
9. 11 1 7 5 
10. 12 0 6 6 
11. 6 6 5 7 
12. 12 0 8 4 
13. 9 3 1 11 
l~. 11 1 5 7 
15. 7 5 5 7 
16 • 12 0 8 4 
• \ 
TABLE NO. II 
PERCENTAGES OF' SUCCESSES AND THE DISCRIMINATION AND 
DIFFICULTY INDICES OF THE HIGHEST AND LOWEST TWENTY-
SEVEN-PERCENT (27%) GROUPS,. 
ITEM PERCENTAGES OF SUCCESSES INDIC ~s 
NO HIGHEST 27% LOWEST ·27% 
GROUP GROUP !DISCRIMINATION DIFFIC·UL.TY 
1. 77~7% I I 26.6% · I 35 51 
' 
2. 100 % 55.5% I 39 . 65 
3. I 66.6% 33.3% I 21 50 
4. 100 % 77.7% 24 74 
5. 22 % 0 I -- --
6. 100 % 33.3% 53 .. 58 
7. 77.7% 26.6% 35 51 
' 
8. 26.6% 0 27 ,- 28 
9. 8a.s% 26.6% 46 I 54 
10. 100 % 33.3% 53 58 
11. 33.3% 22 % 8 37 
12. 100 % 55.5% 39 65 
13. 66.6% 22 % I -- --
14. aa.a% I 22 % 49 53 
15. 26.6% 22 % 4 35 
16. 100 % 55.5% 39 65 
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